Abstract -This paper reports data on a community of Trachelomonas species (Euglenophyta) occurring during Planktothrix agardhii bloom formation in a shallow, highly eutrophic dam reservoir. The results come from a long-term study of Siemiano´wka Dam Reservoir, located on the upper Narew River (NE Poland). From April to October 2007, 132 alga taxa were identified, including 32 Trachelomonas taxa, 23 of which are new for the reservoir; of those, three are first records for Poland: T. armata (Ehrenberg) Stein var. heterospina Swirenko, T. atomaria Skvortzov var. minor Hortobagi and T. minima Dreżepolski. One variety, T. curta var. pappilata Wołowski, is described as new for science. The ultrastructural details of Trachelomonas species are illustrated. The highest number of Trachelomonas taxa was recorded in August in the shore zone of the reservoir. At the end of summer 2007, the conspicuous development of P. agardhii (Gomont) Anagnostidis et Komarek, caused a rapid decrease of Trachelomonas biomass due to lower water transparency and the oxygen concentration. In addition, a decline in the Trachelomonas taxa and biomass was associated with a decrease of water temperature. The negative impact of extracellular microcystin on the Trachelomonas development requires further study.
Introduction
Summer domination of cyanoprokaryotes in Polish and other European inland waters has been observed in recent years (Wołowski et al., 1990; Ru¨cker et al., 1997; Wetzel, 2001; Briand et al., 2002; Wojciechowska et al., 2004; Mbedi et al., 2005; Willame et al., 2005; Akcaalan et al., 2006; Pawlik-Skowron´ska et al., 2008; Toporowska et al., 2010) . Several cyanoprokaryote taxa cause blooming, with many damaging effects on the water environment such as reducing the vertical light penetration in water bodies and hampering the development of other groups of phytoplankton. Especially dangerous are cyanobacteria that produce toxins, which can harm many aquatic organisms. Most studies of cyanotoxins have concentrated on their effects on vertebrates and invertebrates, and possible health-related repercussions (Codd et al., 2005) . Little is known about the inhibitory effects of cyanotoxins on algae (Bucka, 1989; Sedmak and Kosi, 1998; Camacho, 2008) . Microalgae exposed to cyanotoxins have shown morphological and ultrastructural alterations. The most sensitive algae show disaggregation of colonies, discoloration, deformation, the formation of resistance cells and even cell death (Sedmak and Kosi, 1998; Valdor and Aboal, 2007) . Even a low concentration of microcystins (MCs, 0.10 mg.L x1 ) can affect microalgae, altering the composition and structure of communities (Valdor and Aboal, 2007) . Motile algae such as Chlamydomonas reinhardtii are very sensitive to cyanotoxins of Anabaena flos-aquae (Camacho, 2008) , but toxins can even stimulate the growth of some green algae, for example, Scenedesmus quadricauda (Bucka, 1989) .
Euglenophytes of the genus Trachelomonas prefer fertile eutrophic warm waters with a high oxygen concentration (Starmach, 1983; Wołowski, 1998; Grabowska et al., 2003) . In a long-term study (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) of the phytoplankton of the eutrophic Siemiano´wka Dam Reservoir (SDR, Poland), we observed periodic abundance of euglenophytes, especially those of the genus Trachelomonas, during blooming of potentially toxic cyanoprokaryotes (Grabowska et al., 2003; Wołowski and Grabowska, 2007) .
The aim of the present study was to describe, in terms of taxonomy and ultrastructure, the variability of Trachelomonas species occurring in the SDR during toxic Planktothrix agardhii blooming. The study also attempted to verify the hypothesis that the blooms of P. agardhii inhibit the development of Trachelomonas community in the reservoir.
Study area
The SDR (52x55'N, 23x50'E) on the upper Narew River (NE Poland) is a shallow (mean depth 2.4 m, maximum depth 10 m),highly eutrophic reservoir constructed in 1990 as a multifunctional impoundment. It is a lowland reservoir, as reflected in its physical features: maximum area 32.5 km 2 , maximum capacity 78.5 Mm 3 and mean retention time 4-6 months. High values of inorganic nitrogen (avg. 900 mg.L x1 ) and the total phosphorous (avg. 370 mg.L x1 ) indicate eutrophic character of reservoir waters already from the first years of its existence (Grabowska et al., 2003) . Since 1992 the development of potentially toxic cyanobacterial blooms has been a regular phenomenon in the reservoir (Grabowska, 2005) . Cyanoprokaryotes present in the SDR produce toxic MCs (Grabowska and Pawlik-Skowron´ska, 2008; Kabzin´ski et al., 2008; Grabowska and Mazur-Marzec, 2011 ).
Materials and methods
Surface water samples (0-0.5 m) were collected monthly from two stations in the SDR from April to October 2007. The stations were located at short (about 80 m) distances from each other; the first one was in the deeper part of the reservoir (maximum depth 8 m) and the second one in the shallower shore part (maximum depth 1.5 m).Water temperature, pH and conductivity were measured in the field with a Hydrolab DataSonde 4 (USA) kit. Transparency was determined with Secchi disc visibility. Chemical analyses followed the methods described by Hermanowicz et al. (1976) .
Water samples (500 L) for phytoplankton studies were fixed with Utermo¨hl's solution. Species were determined using Nikon ECLIPSE 600 and Olympus BX-50 microscopes. Quantitative microscopy analyses were carried out in a Fuchs-Rosenthal chamber. In each sample, 200 individuals were counted. Single cells of the genera Euglena, Monoraphidium, Trachelomonas and also cenobia (Coelastrum, Pediastrum, Scenedesmus) were counted as individuals. Filamentous algae (Aphanizomenon, Planktothrix, Pseudanabaena) were considered individuals when they had 100 mm in length. The biovolume of the phytoplankton species was determined using a method of calculating the volume of cells based on the author's own measurements (Hillebrand et al., 1999) .
Trachelomonas species were also studied using a Hitachi scanning electron microscope. Samples were prepared according to Bozzola and Russell (1991) . Material fixed with Utermo¨hl's solution was rinsed in distilled water several times to remove the buffer salts, after which the samples were dehydrated in a graded ethanol series. Then small drops of the material were transferred to the surface of the slides mounted on the SEM stubs and air-dried. The samples were sputter-coated with platinum-gold. Species identification follows Deflandre (1926) , Tell and Conforti (1986) , Wołowski and Walne (2007) , Wołowski (1998) and Wołowski and Hinda´k (2004, 2005) .
Results
In 2007, the reservoir's water temperature, pH and phosphates were highest in May and lowest in October (Table 1 ). In September, the highest concentration of total phosphorous (337 mg.L x1 ) coincided with the maximum development of phytoplankton (Tables 1 and 2 ). With the exception of April, September and October, Secchi disc visibility exceeded 0.5 m. The oxygen concentration and saturation were highest from April to May and were lowest in September (Fig. 1) . Physicochemical parameters are presented in Table 1 .
From April to October, 132 algal taxa were identified. Species richnesswas greatest among chlorophytes (44), euglenophytes (37), cyanoprokaryotes (18) and diatoms (15). Desmids and dinophytes were represented by six taxa, cryptophytes by four, and golden algae by two. The number of taxa was the lowest in September (Fig. 2) .
During the whole study period, cyanoprokaryotes were the main component of the phytoplankton community ( Table 2) . Representatives of Euglenophyta, Cryptophyta, Bacillariophyceae and Chlorophyceae were also noted, but their share in phytoplankton biomass was small, most often not exceeding 5%. Only diatoms reached higher biomass in April and euglenophytes in June (Table 2) . Desmids, dinophytes and chrysophytes periodically occurred in the SDR, but with only a 2% share (Table 2) . P. agardhii (Gomont) Anagnostidis et Komarek occurred during the whole period (Figs. 3A, 44) . From April to May, different cyanoprokaryote taxa such as Limnothrix redekei (Van Goor) Meffert, Pseudanabaena spp. and Aphanizomenon spp. occurred in great biomass along with P. agardhii. Aphanizomenon spp. was dominant only in May, but P. agardhii was clearly dominant from June to October and was at peak biomass in September (Fig. 3A) . During the period of P. agardhii dominance, among the euglenophytes Trachelomonas taxa were abundant, whereas Phacus, Euglena, Monomorphina and Strombomonas taxa were noted singly from April to June. The diversity of Trachelomonas species was highest (32 taxa) in August at shore station, when they represented 54% of the taxa in the reservoir (Fig. 2) . At that time, 23 taxa new for the reservoir were identified, including three new for Poland (Figs. 4, 20, 31 and 36) and one variety new to science (Fig. 26) . Table 3 summarizes the taxonomic and ecological data for each taxon. Only a few taxa (3-8) belonging to the volvocineae and oblongae groups were reported during the remaining months of the study. The most frequently noted ones were T. oblonga var. (Fig. 3A , B, Table 4 ). At the time the most common taxa were green algae (Monoraphidium contortum (Thuret) Koma´rkova´-Legnerova´, M. minutum (Na¨geli) Koma´rkova´-Legnerova´and Scenedesmus spp. From June to October, during the most intensive development of P. agardhii, some opposite correlation between P. agardhii and Trachelomonas biomass and water parameters were recorded (Table 4) .
Discussion
The fertile eutrophic waters of reservoirs favor the development of cyanoprokaryote species, among which P. agardhii is often observed (Wojciechowska et al., 2004; Grabowska, 2005; Mbedi et al., 2005; Akcaalan et al., 2006; Toporowska et al., 2010) . This species is a potential producer of hepatotoxins (Ru¨cker et al., 1997; Briand et al., 2002; Willame et al., 2005; Wis´niewska et al., 2007; Pawlik-Skowron´ska et al., 2008) . Previous research at the SDR found that the MC concentration was highest when P. agardhii was dominant in late summer and autumn (Grabowska and Pawlik-Skowron´ska, 2008; Grabowska and Mazur-Marzec, 2011 ). In our current study, P. agardhii was dominant in the reservoir during most of the vegetative season. From August to October, the period of the most abundant P. agardhii blooms, microcystin-LR (MC-LR) was detected in the reservoir water Kabzin´ski et al., 2008 Kabzin´ski et al., 2008) . Although the correlation between extracellular MC-LR concentration and Trachelomonas biomass was not statistically significant; authors do not exclude the negative effects of the toxins on the euglenoids development. Further research in the reservoir (Grabowska and Mazur-Marzec, 2011) has shown that P. agardhii produces higher concentrations of other MCs (e.g., MC-RR, dmMC-RR) that have not been investigated in 2007. It is reasonable to infer that the MC could be one of the factors in the reduced species richness of algae, including euglenophytes, and in the decreased biomass of Trachelomonas spp. The total number of taxa fell to 24 in September when the MC-LR concentration was at maximum. Our observations are in accord with the results from Sedmak and Kosi (1998) , who reported a decrease in plankton diversity under a high MC concentration. In the hypertrophic Borovci gravel pit during weak bloom formation by toxic Microcystis (<10 mg.MCs.L x1 ), they recorded 21 taxa, including only a few diatoms, and the complete absence of chrysophyces and euglenophytes, while during heavy blooming of toxic Microcystis (> 10 mg.MC-RR.L x1 ) in the hypertrophic Savci Reservoir they noted only eight taxa and the complete disappearance of chrysophyces and diatoms. The drop in the number of phytoplankton species in the SDR in the presence of toxic P. agardhii apparently can be the result of the inhibitory effect of extracellular MC-LR on algal growth. The most sensitive algae die and the less sensitive species can show different types of ultrastructural damages (Valdor and Aboal, 2007) . The damaged loricas and smaller dimensions of Trachelomonas in the SDR may be associated with a presence of cyanotoxins. During LM and SEM studies, among the well-developed mature loricas we also observed several that were deformed, probably due to the high cyanotoxin concentration (see . The dimensions of several taxa such as T. atomaria var. minor and T. rugulosa var. steinii (see Table 3 ) and T. mangini fo. subpunctata were at the low end of the size range.
No doubt the drastic deterioration of oxygen levels in the SDR was the main factor in the rapid decrease of Trachelomonas. The reduced water transparency caused by blooming would be expected to depress production of oxygen through photosynthesis. Trachelomonas species prefer well-oxygenated water (Starmach, 1983; Wołowski, 1998) . Additionally, the rapid decrease of water temperature from 22 xC in August to 15.6 xC in September and then to 4.3 xC in October was the next important factor in the inhibition of Trachelomonas development.
The constant presence of green algae such as Scenedesmus spp. in the SDR under higher levels of extracellular MC-LR in the water confirms their resistance to the cyanotoxin. Toxins can stimulate the growth of some green algae such as Scenedesmus quadricauda (now S. communis) (Bucka, 1989) , M. contortum and Coelastrum microporum (Sedmak and Kosi, 1998) . M. contortum was also recorded in Syczyn´skie Reservoir during the summer when toxic P. agardhii was dominant Toporowska et al., 2010) . In the eutrophic SDR, the high level of nutrients favors the development of cyanoprokaryotes but also euglenophytes, especially Trachelomonas species (Starmach, 1983; Wołowski, 1998) . Such a heightened concentration of inorganic nitrogen (avg. 210 mg.L x1 ) and total phosphorous (avg. 131 mg.L x1 ) compounds in the reservoir (see Table 1 ) corresponds to eutrophy (Wetzel, 2001) . Previous work disclosed a positive correlation between euglenophyte biomass and ammonium and total phosphorous concentrations (Grabowska et al., 2003) . Our current and previous results (Wołowski and Grabowska, 2007) confirm that Trachelomonas species are the main component of the euglenophyte summer communities in the SDR, together with various taxa of cyanobacteria (e.g., Aphanizomenon spp., P. agardhii). With 23 taxa reported as new for the SDR, the number of Trachelomonas taxa reported from the reservoir is now 56. Assemblages of Trachelomonas species behave as Wołowski (1998) described in small ephemeral communities: they lack stability and show high biodiversity. The reservoir such as other polymictic lowland reservoirs shows little stability, especially in the shallowest shore zone. Wind resuspension of bottom sediments in shallow reservoirs causes short but significant increase of nutrients in water (Kristensen et al., 1992) . The representants of Trachelomonas species quickly react to the increase of mineral form of nitrogen and phosphorous (Starmach, 1983) . The highest diversity of Trachelomonas species in the reservoir in August could be the result a combination of several favorable environmental factors, such as high concentration of nutrients (mainly nitrates -42 mg.L x1 ), high temperature of water, very good oxygen condition and low concentration of MC-LR.
During the long-term study we found only ten mutual species of Trachelomonas present when both Aphanizomenon spp. (mainly A. flos-aquae) (Wołowski and Grabowska, 2007 and current study) and P. agardhii cyanobacteria were dominant: T. armata var. armata, T. compacta, T. hispida var. hispida, T. mangini fo. subpunctata, T. oblonga var. oblonga, T. planctonica var. planctonica fo. longicollis, T. planctonica var. planctonica fo. oblonga, T. volvocina var. volvocina, T. volvocina var. derephora and T. volvocinopsis var. volvocinopsis. Most of them belong to the group with smooth lorica, without ornamentation. We suppose that these very common taxa, known worldwide, tolerate MC at lower concentrations (<1 mg.L x1 ). We attribute the sharp decline in Trachelomonas species richness and biomass to water transparency and oxygen deficiency in the reservoir water when P. agardhii peaked in biomass. An equally important factor in Trachelomonas development was water temperature. The negative impact of extracellular MC on the Trachelomonas development requires further study. 
